Background: Serum transferrin receptor (sTfR) concentrations are increased in iron deficiency. We wished to examine whether they are decreased in the presence of potential iron-loading conditions, as reflected by increased transferrin saturation (TS) on a single occasion. Methods: We compared sTfR concentrations between 570 controls with normal iron status and 189 cases with increased serum TS on a single occasion; these latter individuals may be potential cases of iron overload. Cases and controls were selected from adults who had been examined in the third National Health and Nutrition Examination Survey (1988 -1994) and for whom excess sera were available to perform sTfR measurements after the survey's completion. Increased TS was defined as >60% for men and >55% for women; normal iron status was defined as having no evidence of iron deficiency, iron overload, or inflammation indicated by serum ferritin, TS, erythrocyte protoporphyrin, and Creactive protein.
The serum transferrin receptor (sTfR) 1 concentration reflects the number of tissue cell transferrin receptors (TfRs), which in turn reflect tissue needs for iron. Developing erythrocytes in the bone marrow have the greatest need for iron, and therefore sTfR concentrations tend to correlate with the amount of these erythroid precursors (1 ) . As such, the sTfR concentration could be expected to vary according to both degree of erythropoiesis and amount of body iron stores (2 ) . The concentration of TfRs is increased in the presence of iron deficiency anemia (3) (4) (5) (6) , but studies have differed in regard to whether sTfR concentrations are decreased in those with iron-loading conditions. Two studies (7, 8 ) have found sTfR concentrations within the reference interval in patients with hereditary hemochromatosis; one of these studies also found concentrations within the reference interval among African blacks with dietary iron overload (8 ) . Results from the first study are somewhat difficult to interpret, given that the hemochromatosis patients were under treatment to reduce iron stores when the receptor values were measured (7 ) . Three other studies reported low sTfR values in individuals with high iron status or hemochromatosis (9 -11 ) , and an additional study reported a significant negative correlation between receptor concentrations and ferritin in thalassemia patients who had been cured via bone marrow transplantation (12 ) .
The present study was designed to assess whether sTfR concentrations are lower in individuals with increased serum transferrin saturation (TS), based on a single measurement, than in individuals who have normal iron status, using a sample derived from the third National Health and Nutrition Examination Survey (NHANES III, 1988 . NHANES III was a large, population-based health survey (13 ) which included a component to assess iron status (14 ) . However, this component did not include sTfR measurements. We therefore initiated a special study after the main survey was completed to analyze sTfR in excess sera available from NHANES III for a subsample of 759 men and women who had increased TS on a single occasion or normal iron status. Individuals with increased TS values were selected because they may potentially have an iron-loading condition such as hereditary hemochromatosis, African iron overload, or one of the various forms of secondary iron overload.
Materials and Methods subjects
NHANES III is the most recent of a series of surveys conducted periodically by the National Center for Health Statistics (NCHS), CDC, to assess the health and nutrition of a large representative sample of the noninstitutionalized, civilian US population. Data were collected via household interviews and direct standardized physical examinations conducted in specially equipped mobile examination centers (13 ) . NHANES III was designed to provide reliable estimates for three racial or ethnic groups: non-Hispanic whites, non-Hispanic blacks, and Mexican Americans. Race and ethnicity were self-reported by the participants. All procedures were approved by the NCHS Institutional Review Board, and written informed consent was obtained from all subjects.
Blood was collected as part of the physical examination conducted in the mobile examination centers or in the homes of participants who were unable to travel to the mobile centers. At the time of blood collection, respondents were asked to report the last time they consumed any food or beverage other than plain water. Responses to this question were used in the present study to calculate actual fasting time in hours.
A large battery of biochemical measurements was performed on blood collected from NHANES III participants. To allow for out-of-range results that would need to be repeated, more specimen volume was sent for measurement than was usually needed for the various assays performed in the main survey. Because most individuals did not have out-of-range results, excess sera was available for many adult respondents in NHANES III. A surplus serum bank was established to store these excess specimens at Ϫ70°C to allow for their use in special ad hoc projects. Proposals to obtain these excess sera samples must be approved for scientific merit by a review committee convened by NCHS and by the NCHS Institutional Review Board for human subjects concerns. All excess sera specimens have been through at least two freeze-thaw cycles.
excess sera selection criteria Excess sera were requested for two groups of adults Ն20 years of age in the present study: individuals with a single increased serum TS, and individuals with normal iron status. The following criteria were used to select the samples:
High TS. High TS was defined as Ͼ60% for men and Ͼ55% for women. These particular cutoffs were chosen because they had been used in a previous study of high TS values conducted by the CDC (15 ) . Because serum ferritin (SF) values can be increased in inflammatory conditions (16 ) as well as in individuals with high body iron stores, we did not use SF as a criterion to select cases. In addition, a SF concentration within the reference interval does not necessarily preclude the possibility of hereditary hemochromatosis; it is also possible that affected individuals will not have increased SF concentrations because they have not yet developed substantial hepatic iron overload (17 ) .
Normal iron status. Normal iron status was defined as having no evidence of iron deficiency, iron overload, or inflammation. To exclude those with iron deficiency, we excluded individuals with abnormal values for two or more of the following: SF, TS, or free erythrocyte protoporphyrin (FEP). Cutoff values indicative of iron deficiency for these variables have been published previously (18 ) . We used a multivariable approach to define iron deficiency rather than excluding individuals with a single abnormal value because of the well-known overlap between normal and abnormal values in iron status indicators when assessing iron deficiency (19 ) . We also excluded individuals with high values for either TS (as defined previously) or SF (Ͼ400 g/L for men, Ͼ200 g/L for women 20 -49 years of age, and Ͼ300 g/L for women Ն50 years of age) (16 ) . Finally, individuals with C-reactive protein values Ͼ10 mg/L were deleted to remove individuals with possible inflammation (19 ) .
We selected all individuals in the excess sera pool who had increased TS on a single occasion to serve as cases. Three controls were selected at random from among those individuals in the excess sera pool who had normal iron status and who matched cases on single year of age, sex, and race or ethnicity. There were 26 adults in NHANES III who had high TS values on a single occasion but did not have excess sera. When compared with the actual high TS cases in our study, these 26 potential cases differed significantly only on 4 of the 14 selected demographic and biochemical characteristics considered in the present study: age, hematocrit, alanine aminotransferase (ALT), and aspartate aminotransferase (AST). Potential cases without excess sera were older and had higher values of the three serum analytes than did cases with excess sera. Further analyses of the 26 potential cases without excess sera revealed that the significant difference in ALT and AST was attributable entirely to one individual with AST and ALT values that far exceeded those of the other potential cases (e.g., were outliers); when this potential case was deleted, ALT and AST values no longer differed between cases with and without excess sera. There were 793 potential normal iron status controls who matched cases on age, sex, and race or ethnicity but did not have excess sera. These potential controls differed from the potential controls who did have excess sera for only 2 of the 11 biochemical variables included in this study: hematocrit (higher in potential controls without excess sera) and lactate dehydrogenase (lower in potential controls without excess sera). Furthermore, for each high TS case, there was an mean of 24 potential controls with excess sera (range, 2-55) available to be randomly selected as one of the three matched controls; thus it is unlikely that lack of excess sera introduced serious bias into our random selection of matched controls.
laboratory analyses
In the present study, we kept the excess sera samples frozen at Ϫ70°C after their receipt from the storage bank until assayed for sTfR. We did not perform sTfR assays on hemolyzed samples. We measured sTfR using the Ramco TfR test kit (Ramco Laboratories). This assay is an enzyme immunoassay based on the double antibody sandwich method. We diluted plasma or serum samples in buffer and pipetted them into microwells precoated with polyclonal antibody to TfR. We added horseradish peroxidase-conjugated murine monoclonal antibody specific for TfR to the wells and incubated for 2 h at room temperature. We removed any unbound TfR and excess horseradish peroxidase conjugate from the wells by washing. We then added enzyme substrate to the wells. After the addition of an acid "stop" solution, we measured the product of the enzymatic reaction in a microplate reader (Multiskan MS) at 450 nm. The absorbance of the resulting solution is directly proportional to the concentration of the TfR in the unknown samples and in the calibrators. We generated a calibration curve by plotting the absorbance values vs the concentration of the TfR calibrators provided in the kit. We determined the concentration of the TfR in the sample by comparing the sample's absorbance reading with the calibration curve graph with the aid of Genesis Lite software (Life Sciences International).
The other biochemical measures used in the present study were assayed as part of the main survey. Because details of the assay methods for these measures have been published elsewhere (20 ) , they will only be summarized briefly here. Hemoglobin, hematocrit, and red cell distribution width were measured in the mobile examination centers, using a Coulter S-Plus Jr electronic counter (Coulter Electronics) (14, 20 ) . Assays for the remaining iron status indicators used in the present study were performed by the Division of Environmental Health Laboratory Sciences, National Center for Environmental Health, CDC, Atlanta GA. TS was calculated by dividing serum iron by total iron binding capacity. Serum iron and total iron binding capacity were measured colorimetrically with an ALPKEM RFA analyzer (Alpkem), and 10 g/L thiourea was added to complex Cu 2ϩ to prevent copper interference (20 ) . Serum iron and total iron binding capacity were not measured on hemolyzed samples. FEP was measured via fluorescence extraction, and SF was measured with the Bio-Rad Quantimmume IRMA kit (Bio-Rad Laboratories).
Because both SF and sTfR data were available in the present study, it was also possible to examine the ratio of these two variables. In specific, we calculated the log of the sTfR:ferritin ratio by first converting sTfR from mg/L to g/L and then calculating the log of the ratio of sTfR (g/L):SF (g/L) for each individual. Cook et al. (3 ) found that this ratio had a precise, linear relationship with body iron stores, and thus it has been proposed as a useful index of body iron.
C-reactive protein was measured by latex-enhanced nephelometry at the Immunology Division, University of Washington, Seattle WA (20 ) . Serum analytes related to liver function (ALT, AST, lactate dehydrogenase, and total bilirubin) were measured with a Hitachi Model 737 multichannel Analyzer (Boehringer Mannheim Diagnostics) at the White Sands Research Center, Alamagordo NM (20 ) .
statistics
We performed all analyses using SAS (21 ) . Because the sample was not a random or representative subset of the larger NHANES III sample, we did not use sampling weights in the analyses; therefore, results cannot be considered representative of the US population. We used statistical methods to account for the use of individually matched cases and controls in all statistical comparisons. This is necessary to ensure that matching does not introduce bias into the exposure distribution of the controls (22 ) . Specifically, to assess whether sTfR values differed by iron status group, we (a) calculated the mean of the differences in sTfR and log sTfR:ferritin ratio for each matched case-control set and tested whether this mean was zero; (b) computed the odds ratio of having a sTfR value below the lower limit of the reference interval as stated by the assay kit manufacturer (e.g., Ͻ2.9 mg/L) by iron status group using the Mantel-Haenzel procedure for matched cases and controls (23 ) ; and (c) used analysis of variance to compare means between iron status groups while adjusting for age, sex, and race or ethnicity (the matching characteristics). The last approach using analysis of variance is valid for individually matched data as long as the number of categories in the analysis is not unusually large relative to the number of cases (22 ) .
We also performed secondary analyses to assess whether further subdivision of the normal and the increased TS groups was associated with a greater degree of discrimination between sTfR and log sTfR:ferritin ratio values. Because our definition of iron deficiency required abnormal values for two or more of three iron status indicators (SF, TS, and FEP), some individuals with low values for one of these three variables were included in the normal iron status group. These individuals were unlikely to have significant iron deficiency (19 ) , but they may represent a "low normal" iron status state. In addiClinical Chemistry 45, No. 12, 1999 tion, we did not use high SF when selecting cases who may potentially have an iron-loading condition in our main analysis because high SF alone is not specific for increased iron stores (16 ) and because requiring both increased TS and high SF yielded fewer cases (n ϭ 47). To assess whether use of more detailed iron status groups affected results, we divided the normal iron status group into two subgroups: (a) normal iron status, one abnormal value (e.g., those with a value indicating iron deficiency for one of the three variables used to define normal iron status); and (b) normal iron status, zero abnormal values. We used two approaches to subdivide the increased TS group: (a) those with high TS on a single occasion only vs those with both a single high TS and high SF; and (b) those with TS values ranging from 55% to 64.9% vs those with TS values Ͼ64.9%. We used the latter approach primarily to provide a second method to examine the relationship of log sTfR:ferritin ratio in the detailed iron status groups because values for log sTfR:ferritin ratio might be artificially reduced in the group that was formed on the basis of both high SF and high TS. The value of 64.9% was the median TS value in the increased TS group overall (range, 55-98.5%).
Results
The distribution of the single high TS cases by age, sex, and race or ethnicity is shown in Table 1 . Most of the male cases were either young Mexican-American men (29%) or non-Hispanic white men of either age group (22% Ͻ50 years of age and 21% Ն50 years of age). In contrast, almost one-half (45%) of the female cases were young nonHispanic whites, with a smaller, and roughly equal, percentage (ϳ16 -19%) being older white women and younger black or Mexican-American women.
Selected characteristics of the cases with increased TS on a single occasion and controls with normal iron status are compared in Table 2 . Data on characteristics used for sample selection and matching are provided to confirm the successful implementation of the selection process. Differences in these characteristics between iron status groups cannot be validly tested for statistical significance because values for these variables were set by definition. The distribution by age, sex, and race or ethnicity in our sample reflects the pattern for these variables among those with a single high TS in the excess sera pool, i.e., most of those with a single high TS were Ͻ50 years of age, male, and non-Hispanic white. Because individual matching of these characteristics between cases and controls was used, this pattern must, by definition, occur among the normal iron status controls as well and does not necessarily reflect the actual pattern of these characteristics in the total population with normal iron status.
Comparison of variables that were not used for matching or sample selection revealed that adjusted means for the hematology variables were similar in cases and controls, with the exception of hemoglobin (Table 2 ). Of note are the significantly higher values of enzymes related to liver function (ALT, AST, and total bilirubin) and of alcohol intake among the cases. Cases also fasted longer than did controls.
The association between TfR or the ratio of receptor to SF and iron status group is shown in Table 3 . The cases had significantly lower mean receptor and log sTfR: ferritin ratio values, after adjusting for age, sex, and race or ethnicity, than did the normal iron status controls. Mean adjusted receptor and log sTfR:ferritin ratio values were ϳ10% and 24% lower in those with a single high TS than in the normal iron status controls, respectively. The cases were significantly more likely to have a sTfR value below the reference interval for sTfR stated by the kit manufacturer (e.g., Ͻ2.9 mg/L) than were the normal iron status controls (odds ratio ϭ 1.8; 95% confidence interval, 1.04 -2.37; Table 3 ).
The mean of the difference in sTfR between individually matched case-control pairs was Ϫ0.48 mg/L, which was significantly different from zero (P Ͻ0.0025). Differences in sTfR and log sTfR:ferritin ratio between cases and controls remained statistically significant after adjustment for liver enzymes, alcohol intake, or fasting time and were of the same magnitude seen for unadjusted results (0.43-0.71 mg/L and 0.59 -0.75 for sTfR and log sTfR:ferritin mass ratio, respectively). Figs. 1 and 2 illustrate the difference in the sTfR or sTfR:ferritin ratio distributions between the cases with a high TS on a single occasion and normal iron status controls. For both measurements, values of the cases are shifted toward lower values. However, there is also significant overlap in values between cases and controls.
Results of the secondary analyses using more detailed iron status groups are shown in Table 4 . A gradation in sTfR values appears when the data are analyzed in this manner. The trend is most evident when log sTfR:ferritin ratio is used, with significantly higher ratios in the two normal iron status subgroups compared with the two high TS subgroups using either approach to subdivide the latter group. A similar trend is also evident, but to a lesser degree, when mean sTfR alone is examined by either approach: mean sTfR in at least one of the normal iron status subgroups was significantly higher than means in the two high iron status subgroups. Mean sTfR values in the two high TS groups did not differ, however. There was also a significant overall trend toward higher prevalences of sTfR Ͻ2.9 mg/L with increasing iron status; this prevalence differed by 11-16% (P Ͻ0.01 or Ͻ0.0006, respectively) between the highest and lowest iron status groups. It is important to note that results based on the four detailed iron status groups should be interpreted with some caution because further analyses revealed significant differences between cases and controls in age and sex when these more detailed groups were used instead of the two broader iron status groups. We have statistically adjusted for these differences in Table 4 ; this adjustment can likely reduce, but cannot completely rule out, possible biases attributable to lack of matching.
Discussion sTfR and log sTfR:ferritin ratio values were reduced in subjects with a single increased TS in the present study. Subjects with high TS values on one occasion had sTfR values that were ϳ10% lower than subjects with normal iron status, and they were 1.8 times more likely to have a sTfR value below the reference interval. These differences remained after adjustment for differences in liver enzyme values, alcohol intake, or fasting time between cases and controls. Results were also similar when a more stringent case definition was used, e.g., high TS and SF. A tendency toward successively lower mean values in subjects with potentially higher iron status relative to normal iron status appeared when results were analyzed by more detailed iron status groups, especially for the sTfR:ferritin ratio. Although subjects with iron-overloading conditions could not be conclusively identified in our study, our results are consistent with other studies (9 -12 ) that have suggested that sTfR may be useful for assessing high iron status, at least in populations. Circulating TfRs are derived by proteolytic cleavage from TfRs expressed on the cell surface (24 ) . Intracellular iron influences the posttranscriptional regulation of expression of ferritin, the TfR, and several other genes important in mammalian iron metabolism (25, 26 ) . Regulation of expression occurs by means of an interaction between the iron regulatory protein, a molecule that senses changes in the chelatable intracellular iron pool (27) (28) (29) , and iron-responsive elements located on untranslated regions of ferritin and TfR mRNAs (30, 31 ) . When intracellular iron is ample, iron regulatory protein has aconitase activity and does not bind to the iron-responsive elements, which increases ferritin mRNA translation and TfR mRNA degradation. Conversely, in iron deprivation, iron regulatory protein loses aconitase activity and binds to iron-responsive elements, causing a repression in ferritin mRNA translation and increased TfR mRNA stability (32 ) . Thus, at the cellular level, TfR expression is decreased when iron supply is ample and increased when iron supplies are reduced (28, 33, 34 ) . In keeping with these observations in vitro, patients with secondary iron overload and with hereditary hemochromatosis have decreased TfR expression in hepatocytes and other cells (35) (36) (37) . It is possible that in individuals with an iron- Fig. 2 . Cumulative distribution of log sTfR:ferritin mass ratio by iron status group.
(---), normal iron status (controls); (-f-), high TS (cases). Table 4 . Association between sTfR concentration and detailed iron status group. loading condition, the decrement in cellular TfRs in the liver might be large enough to be reflected in reduced values of sTfR. The combination of sTfR and ferritin has been suggested for evaluating iron status in the range between normally replete stores and iron deficiency (3, 5 ) . Specifically, Cook et al. (3 ) have proposed that ferritin can provide information regarding the amount of iron stores in replete individuals, whereas sTfR provides information regarding iron-deficient erythropoiesis after iron stores are depleted but before other significant alterations in iron metabolism would be detectable. Our results suggest sTfR and the sTfR:ferritin ratio may also reflect high iron status, as defined by a single increased TS measurement, relative to normal iron status. In addition, the results from the secondary analyses using the detailed iron status groups suggest that the combination of sTfR and ferritin may be superior to sTfR alone for evaluating potentially high iron status because a gradient toward lower means with increasing iron status was more apparent for the ratio than for sTfR alone. This could be because sTfR and SF are affected by different confounding variables: TfR may decrease with iron overload but also with suppressed erythropoiesis, whereas SF may increase with iron overload but also with inflammation and hepatocellular dysfunction. It is conceivable that the ratio of TfR to ferritin is a good way to identify those subjects who have alterations in these measurements that are indeed attributable to iron overload vs other processes.
The majority of the cases in our sample were under 50 years of age, which may explain why most did not have an increased SF concentration, e.g., these individuals could be possible cases of hemochromatosis who have not yet developed significant iron overload (17 ) . The majority (ϳ52%) were non-Hispanic whites, in whom we would expect a comparable prevalence of homozygotes for hereditary hemochromatosis as observed in other studies of whites in the US (38 ) . Approximately 18% of the cases were non-Hispanic blacks-classic hereditary hemochromatosis is believed less common in African Americans than in non-Hispanic whites in the US (39 ) , but a form of genetically linked primary iron overload that is distinct from hereditary hemochromatosis may exist in Africans and African Americans (40, 41 ) . Little is known about the prevalence of hereditary hemochromatosis or other ironloading conditions in Mexican Americans. It previously had been thought uncommon in individuals from Mexico: the frequency of HLA-A3, which is associated with a greater population frequency of known hemochromatosis, is estimated as 6% in Mexicans compared with 18% for African Americans and 24 -26% in European and Australian Caucasians (39, 42 ) . Estimates of genotypic frequencies for mutations in HFE in Mexicans suggest an allele frequency of ϳ7% for H63D (compared with frequencies of ϳ13% for the total European population) and 0% for C282Y (compared with frequencies of 3.8% for the total European population) (43 ) . However, this estimate is based on an analysis of chromosomes from only 54 Mexican individuals. Other data support the possibility that hemochromatosis does occur in Mexican Americans, although the exact frequency is not clear. Data on the contribution of ancestral Spanish genes and the frequency of hemochromatosis mutations in the Spanish population provide one line of support. The contribution of putative ancestral populations to the current gene pool of Mexican Americans has been estimated as ϳ60 -68% Spanish, 29 -31% Native American, and 3-8% West African (44, 45 ) . Estimates of the frequency for the H36D and C282Y gene mutations in contemporary Spanish populations appear comparable to the frequencies of the total European population (44, 46, 47 ) . In addition, results from a screening program implemented in a health maintenance organization with a large Hispanic population in California found that the prevalence of iron overload in the Hispanics was 5 per 1000 persons, which was comparable to the rate seen in whites (15 ) .
The overlap in the sTfR and sTfR:ferritin ratio distributions observed between the normal iron status controls and the cases with a single increased TS values suggests that the ability of these measurements to diagnose high iron status in individuals may be low. However, the general health survey from which our sample was derived was not designed to conclusively identify individuals with iron overload or hemochromatosis; therefore, our study was not optimally designed to assess the clinical utility of sTfR in individual patients.
Our study was better able to address whether there is a possible role for sTfR and the sTfR:ferritin ratio in assessing iron overload in large epidemiological studies, where definitive measures of iron overload or hemochromatosis, such as liver biopsy or repeated TS measurements, are not feasible. Our results suggest that sTfR or the sTfR:ferritin ratio may have some utility in this regard because sTfR and sTfR:ferritin values tended to be lower in the cases with possible high iron status than in controls with normal iron status. However, the observed overlap in sTfR or sTfR:ferritin ratio distributions also reduces their utility in identifying high iron status in large studies if they are used as single tests. A similar situation exists for many iron status indicators that are used to assess iron deficiency, e.g., considerable overlap in distributions has been observed between groups with normal iron status and those with iron deficiency (48 ) . To address this problem, an expert group recommended the use of multivariable models to define iron deficiency in large epidemiological studies where more definitive tests of iron deficiency, such as bone marrow staining or response to iron therapy, are not possible (19 ) . A similar multivariable approach to assess high iron status in epidemiological studies may be worth considering, given the impractical nature of the definitive tests and the lack of specificity of tests such as high SF or a single high TS. Our results suggest sTfR or the sTfR:ferritin ratio may be candidates for such a model, but additional studies that are better Clinical Chemistry 45, No. 12, 1999 able to conclusively identify high iron status are needed to further evaluate this possibility.
Our study had several limitations. Because NHANES III participants only provided blood on a single occasion, individuals who may potentially have an iron-loading condition had to be defined on the basis of a single TS measurement. TS values exhibit considerable within-person variability (39 ) ; therefore, many individuals with an increased TS on one occasion may have a normal value upon retesting (38, 49 ) . Current screening algorithms for hemochromatosis require increased TS values on two occasions to suspect presence of the disease (39 ) . Increased TS values could also reflect liver disease or alcohol abuse. Other factors, such as fasting time, may affect TS values as well. However, we observed similar results in the present study regardless of case definition (e.g., a single increased TS only vs concurrently increased TS and SF). The difference in sTfR and log sTfR:ferritin ratio also remained significant after statistically controlling for differences in liver enzymes, alcohol intake, or fasting time between cases and controls. These analyses suggest, but cannot definitively establish, that the presence of false positives for high TS does not invalidate our findings. A final potential limitation relates to use of excess sera specimens that had been thawed and refrozen at least twice. We are unaware of any published data regarding the effect of freezing and thawing on sTfR measures. Any effect would be expected to impact samples from cases and controls equally, so that comparisons between these groups would still be valid.
In summary, interest in assessing high iron status in populations has grown in recent years, both in terms of detecting hemochromatosis (39 ) and evaluating whether high iron stores in otherwise healthy individuals are associated with increased risk of chronic diseases (50 -52 ) . Our results suggest that additional studies are warranted to further explore the potential role of sTfR in this assessment.
